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Abstract 
Objective: To analyze pH, titratable acidity and carbohydrate and calcium amounts in 
yoghurts and milk beverages. Materials and Methods: twelve types of yoghurts and 
eight milk beverages were analyzed. The beverages’ pH was measured and samples were 
divided into two groups: Group 1: samples with pH<4.0; Group 2 samples with pH>4.0. 
The acidity of each drink was determined by titration. Calcium and carbohydrate rates 
were obtained from label information. pH, acidity, calcium and carbohydrates were 
compared in two groups of beverages (G1: pH<4.0; G2: pH>4.0) and analyzed 
according to the distribution pattern according to Shapiro-Wilk´s test, whereas 
homogeneity of variances was performed by Levene's test at 0.05 significance level. 
Results: Overall analysis of the variables classified the beverages in 4 groups: A, B, C 
and D. Samples in group A had the best results: high pH, low acidity, high calcium 
amounts and few carbohydrates. On the other hand, samples in group D had low pH, 
high acidity, low calcium amounts and high carbohydrate rates. Conclusion: The three 
samples under analysis, two yoghurts and one milk beverage, join factors that may lead 
to the development of dental erosion. 
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Introduction 
Dental erosion (DE) or acid erosion may be defined as the loss of hard dental tissues due to 
exposure to exogenous or endogenous acids without the involvement of bacteria. Its complex 
multifactoral etiology is largely attributed to chemical, biological and behavioral factors [1]. 
Although dental caries have declined significantly in Europe and in Latin America, including Brazil 
[2,3], several studies indicate that DE has increased in the populations of many countries [4-6]. 
Erosion loss of dental tissue may cause functional and aesthetic limitations and hypersensitiveness. 
Its treatment is mandatory and expensive. 
Intrinsic and extrinsic factors have contributed towards the spread of DE [7-9]. The former 
are associated with recurring vomits caused by psychological and physiological disorders such as 
anorexia and anemia, which expose the teeth tissues to stomach acids. The more important extrinsic 
factors are related to the intake of beverages with erosive properties [10,11]. Diet is the main DE 
etiological factor in western countries and specialized literature is focused on the issue [12]. The 
main diet components are acid beverages and food [13], including milk-derived products [14]. 
It is estimated that some 5.7 billion liters of milk were commercialized in Brazil in the first 
quarter of 2012, with a 4.4% increase on the previous year and with a still greater increase in the 
future. Milk derivates also partake of these amounts, with an average per capita consumption rate of 
2 kg / year [15], among which milk beverages and yoghurts are underscored. 
According to Brazilian norms, milk beverages are products from a mixture of milk and milk 
whey, to which may be added vegetal fat, milk yeast and food compounds [16]. Yoghurt is a 
fermented milk production produced from milk fermentation by such bacteria as Streptococcus 
salivarius subsp. thermophillus and Lactobacillus delbruckii subsp. bulgaricus, and other 
complementary bacteria which contribute towards the yoghurt´s final characteristics due to their 
metabolism [17]. Both products may contain acidulants, aromatizers, stabilizers, thickeners, 
emulsifiers, food dyes, preservatives, and fruit pulp or juice [18]. 
Research on DE has increased during the last years, with a focus on the identification of 
potentially erosive food [19]. Current research analyzes whether yoghurts and milk beverages may 
be acid sources and whether they contribute towards the development of DE. Titratable acidity and 
pH of the above-mentioned food were analyzed. 
 
Material and Methods 
Twenty beverages, 12 types of yoghurts and 8 milk beverages, sold in Curitiba PR Brazil, 
were analyzed (Table 1). 25 mL of each beverage were placed in beakers and shaken in a magnetic 
stirrer; pH was measured in triplicate by pH electrode (Digimed Analytical Instrumentation Ind. 
Ltda., São Paulo, SP, Brazil) connected to an ion analyzer. The electrode was calibrated at the start 
of each assay by buffer solutions with pH 4.0, 7.0 and 9.0 as standard. Samples were divided into two 
groups: Group 1 (G1) – samples with pH<4.0 and Group 2 (G2) – samples with pH>4.0. 
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Table 1. Description of milk beverages and yoghurts analyzed. 
1.   Yoghurt Qualitat Plum Light 900 g  11. Yoghurt Frimesa Strawberry 170 g 
2.   Yoghurt Qualitat Coconut Light 900 g  12. Yoghurt Frimesa Plum Light 170 g 
3.   Yoghurt Qualitat Strawberry Light 900 g  13. Milk Beverage Elegê Fruit Salad 900 g  
4.   Yoghurt Qualitat Strawberry 900 g  14. Milk Beverage Batavo Kissy Strawberry 180 g  
5.   Yoghurt Qualitat Coconut 900 g  15. Milk Beverage Batavo Kissy Graviola 180 g  
6.   Yoghurt Qualitat Plum 900 g  16. Milk Beverage Batavo Pense Zero Graviola 180 g 
7.   Yoghurt Frimesa Papaya Light 850 g 17. Milk Beverage Batavo Pense Zero Ameixa 90 g 
8.   Yoghurt Frimesa Papaya 850 g    18. Milk Beverage Batavo Pense Zero Strawberry90g 
9.   Yoghurt Frimesa Plum 850 g  19. Milk Beverage Elegê Plum 90 g 
10. Yoghurt Frimesa Strawberry Light 850g 20. Milk Beverage Elegê Strawberry 90 g 
Manufacturers: Laticínios Qualitat Indústria e Comércio Ltda., Palmeira, PR Brazil; Frimesa Unidade Industrial de 
Laticínios, Marechal Cândido Rondon, PR Brazil; Elegê Alimentos Ltda., Santa Rosa, RS Brazil; Batavo Cooperativa 
Agroindustrial, Carambeí, PR Brazil. 
 
The acidity of each beverage was determined by titration-meter. Sodium hydroxide (0.1N) 
was added to the 25 mL in the beakers and samples´ pH was monitored with a pH electrode till pH 
reached 5.5 and 7.0, and the volume of sodium hydroxide was registered in special forms. 
The variables pH and acidity for the two groups of beverages (G1: pH<4.0 and G2: pH>4.0.) 
were compared and analyzed with regard to distribution standard by Shapiro-Wilk’s test, whereas 
the homogeneity of variance was assessed by Levene test followed by test t for independent samples 
at 0.05 significance. Analyses were performed with Statistica 7.0 and XLStat 2010. 
 
Results 
Table 2 shows results for the variables pH and acidity. All beverages analyzed had sufficient 
low pH levels to cause the dissolution of dental apatite. Beverages, however, were divided into two 
groups with pH 4.0 as reference, with a high dental apatite in the second group. Samples were 
distributed into two groups, or rather, G1 comprising beverages and yoghurts with pH<4.0 and G2 
increase to 5.5 and 7.0. Results were once more similar for both groups. Information on calcium and 
carbohydrate rates was retrieved from the products’ labels. 
 
Table 2. Descriptive statistics (means+standard deviation) and t test statistics for 
independent samples (t-rate and p). G1: pH<4.0; G2: pH>4.0. NaOH rates in mL show the 
volume employed to raise pH of beverages from 5.5 to 7.0, respectively. 
Variables Group 1 Group 2 t-rate P 
pH 3.91+0.09 4.04+0.04 -4.426 0.000 
NaOH for pH 5.5 (mL) 7.12+1.04 6.26+0.86 2.040 0.056 
NaOH for pH 7.0 (mL) 13.74+2.16 13.15+1.00 0.822 0.422 
Ca (mg/200g)* 221.44+45.71 245.82+35.08 -1.350 0.194 
Carbohydrates (g/200 g)* 20.33+9.31 15.74+6.34 1.310 0.207 
* Rates on the products´ labels. 
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Since statistical analysis demonstrated that data on pH, acidity, calcium and carbohydrate 
concentration were normal and hemoscedastic, the variables were compared between the groups by 
test t for independent samples. Samples with statistical significance p<0,20 in comparative tests 
between the groups were selected and analyzed by principal components analysis (PCA) and thus the 
joint correlation among the variables pH, acidity, calcium and carbohydrates was determined in all 
samples under analysis. 
Samples´ data analyzed jointly by Bartlet´s test of sphericity showed that the first canonical 
axis (autovalue F1=1.722; 43.05% variability) denoted the variation of calcium data inversely 
proportional to carbohydrate levels. Positive scores showed beverages with higher calcium rates 
when carbohydrate rates were low, whereas negative scores gave the inverse situation (Table 3). The 
second axis showed variation of pH rates inversely to the variation of acid rates (NaOH to reach pH 
5.5) (autovalue F2=1.220; 30.51% variability). Positive scores demonstrated that the highest acidity 
rates were prone to have the lowest pH rates, whereas negative scores denoted the inverse situation 
(Table 3; Figure 1). 
 
Table 3. Factorial loads of variables for the canonical axes (F1 and F2). 
  F1 F2 
pH -0.115 -0.769 
NaOH (5.5) -0.036 0.789 
Ca (mg/200 g) 0.924 -0.083 
Carbohydrates (g/200 g) -0.924 -0.018 
 
 
Figure 1. Ordination diagram of the first two canonical axes of the principal components 
analysis for all milk beverages, showing variables pH, NaOH (5.5), Calcium and Carbohydrate 
(red). At least one correlation was significant among the variables (Bartlet´s test of 
sphericity) (p < 0.001). 
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Principal components analysis revealed that canonical axes were not correlated even though 
beverages were classified in four groups A, B, C and D according to the variables’ joint behavior 
(Table 4). 
 
Table 4. Distribution of samples analyzed due to the variables´ behavior. Group A: beverages 
with the best results (pH≥4.0, low acid rates, high amounts of calcium and low amount of 
carbohydrates). Group D: samples with the worst results pH<4.0, high acid amounts, low 
calcium levels and high carbohydrate levels. 
Group A 
pH ≥  4.0. 
Low acid rates. 
High calcium rates. 
High carbohydrate rates 
Group B 
pH < 4.0 
High acid rates. 
High calcium rates 
Low carbohydrate rates 
 
Yoghurt Qualitat Plum Light 900 g  
 
Yoghurt Qualitat Plum 900 g 
Yoghurt Qualitat Coconut Light 900 g  Yoghurt Frimesa Papaya 850 g    
Yoghurt Qualitat Strawberry Light 900 g  Yoghurt Frimesa Strawberry Light 850 g 
Yoghurt Qualitat Strawberry 900 g  Yoghurt Frimesa Plum Light 170 g 
 Yoghurt Qualitat Coconut 900 g  Milk beverage Elegê Plum 90 g 
Milk beverage Batavo Pense Zero Graviola 180 g Milk beverage Elegê Strawberry 90 g 
Milk beverage Batavo Pense Zero Plum 90 g  
Milk beverage Batavo Pense Zero Strawberry 90 g  
 
Group C 
pH ≥  4.0. 
Low acid rates. 
Low calcium rates 
High carbohydrate rates 
 
Group D 
pH < 4.0 
High acid rates. 
Low acid rates. 
High carbohydrate rates 
 
Yoghurt Frimesa Papaya Light 850 g 
  
Yoghurt Frimesa Plum 850 g  
Milk beverage Elegê Fruit Salad 900 g Yoghurt Frimesa Strawberry 170 g 
Milk beverage Batavo Kissy Graviola 180 g Milk beverage Batavo Kissy Strawberry 180 g 
  
 
Discussion 
Intrinsic and extrinsic factors are inherent to the development of dental erosion [7]. The 
latter are the most relevant since they are related to the intake of food and acid beverages such as 
citric fruits and soft drinks [10,11]. Previous studies have shown that when citric fruits are 
consumed several times a day, DE risk increases significantly since their pH is very low [20]. 
Significant enamel dissolution occurs even when dental enamel is exposed to distilled water at 
different pH levels. Larsen and Nivad´s experiment [21] showed that there is a loss of 0.008 g of 
dental enamel when the tooth is exposed to distilled water at pH 7.0 and a loss of 0.5 g, 5 g and 85 g 
with water at 5.0, 4.0 and 3.0, respectively. In other words, beverages with pH<4.0 provoke a high 
dissolution of dental apatite [4], compounded to the fact that several industrial beverages in Brazil 
have citric and phosphoric acid in their composition which causes an even lower pH [22]. It should 
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be underscored that other factors may be decisive to determine the erosion capacity of a beverage, 
such as their adherence to teeth, chelating qualities and the person´s saliva [23]. 
Yoghurts and milk beverages in current analysis have low pH, or rather, 3.91+0.09) for G1, 
and 4.04+0.04 for G2. In fact, these rates may be compared to the pH of any other acid beverage that 
causes DE. Low pH in the analyzed samples may perhaps be due to lactic acid, especially in yoghurts 
which are fermented beverages [17]. However, results show that yoghurt and milk beverages have 
similar pH levels, perhaps due to compounds that warrant their preservation for a longer time 
span[18]. 
Although pH levels of beverages and food are discussed in the literature, several studies have 
shown that the erosion potential of a beverage or food does not depend exclusively on its pH. Non-
dissociated organic acids should also be taken into account [11,24]. The latter acids may be 
measured by titration-meter or by buffering capacity which are accepted as a reliable parameter to 
quantify the acidity of a liquid or solution. In fact, they display more precise rates to forecast erosion 
potential [25]. In current study, yoghurt and milk beverage in groups B and D contain the highest 
quantity of non-dissociated organic acids. 
Calcium may be the most important attenuating factor to decrease the erosion potential of 
yoghurts and milk beverages since it may be employed in dental re-mineralization procedures. 
Previous studies have shown that beverages with pH 4.0 or less and supplemented by calcium (0.800 
mg/dL) failed to cause any erosion in dental enamel [19]. Consequently, supersaturated solutions 
with calcium may not cause enamel dissolution. Approbatory satisfactory results have been provided 
when calcium was added to naturally erosive beverages, such as sports beverages [26]. 
Current research did not calculate the quantity of calcium in the samples since data were 
directly obtained from the products´ labels. Yoghurts and milk beverages with pH<4.0 (G1) had 
lower calcium rates (221.44 mg/200g + 45.71 mg), whereas G2 samples with pH higher than or 
equal to 4.0 featured 245.82 mg +35.08 mg calcium in 200 g of the product. Calcium may be a 
protecting factor against de-mineralization caused by low pH and by the concentration of organic 
acids. However, further studies should be undertaken to analyze microstructurally the enamel after 
the intake of such food. 
The amount of carbohydrates in these foods should be taken into account. Sugar-containing 
food and beverages may also be cariogenous since fermentable carbohydrates may modify 
biochemically the bacterial biofilm on the dental surface with an increase in acid production and the 
start of the de-mineralization process [27]. Table 2 shows that G1 food had higher sugar and less 
calcium amounts when compared with the G2 ones, even though the products´ labels lack more 
information on saccharose. It seems that in Brazil there is a recurring information deficiency 
provided by food labels [28]. 
Group A samples are more adequate for consumption when variables were jointly analyzed 
by Bartlet´s test of sphericity since the samples have high calcium levels but less quantities of 
carbohydrates, pH>4.0 and less amounts of organic acids. This type of food protect dental surface 
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against de-mineralization. On the other hand, Group D food causes tooth de-mineralization since 
conditions feature pH<4.0, high levels of organic acids, scanty calcium and great amounts of 
carbohydrates. Of course, these should be avoided. Anyway, no association between the fruit used in 
the formulation of food and alterations in the food quality has been detected. 
Although dental erosion is a multifactoral condition, the frequent intake of food or beverages 
with a pH<4.0 and which contain acids is doubtlessly a determinant element. Statistical analysis in 
current assay jointly evaluated by the principal components analysis the variables pH, acidity, 
calcium and carbohydrates in all samples and revealed that three beverages associated factors that 
surely would develop dental erosion if their consumption were rather frequent. Since many people 
have undertaken a healthier life style but still drink milk beverages and yoghurts, it is highly 
important that health professionals counsel their patients and relatives with regard to a more 
rational intake of these types of food. Additional methods, already being developed, should evaluate 
in vivo the effect of such food on the dental surface. 
 
Conclusion 
Current investigation showed that the food analyzed has enough low pH levels to cause 
dental de-mineralization. However, three types of food, or rather, two yoghurts and one milk 
beverage accumulate factors (pH<4.0, high amounts of non-dissociated organic acids and 
carbohydrates with low calcium levels) that may develop dental erosion. 
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